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TITLE: Simultaneous Communication Format 
ABSTRACT 

[Purpose] In a mobile communication system, to enable high-quality communications 
by resolving degradation of the communication quality due to movement during calls. 

[Constitution] When the reception level from a base station with which a cellular 
terminal is communicating falls below a certain fixed threshold value, a station having 
the highest reception level among other base stations is selected while communicating 
with this radio base station, and communications are performed simultaneously with 
these two stations using different radio channels. During the simultaneous 
communications with the two stations, when the reception level from one of the base 
stations exceeds a specific threshold value, the communications with the other station is 
terminated to return to normal communications with respect to a single station. 
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«^ 
CLAIMS 

1 . A simultaneous communication format in a mobile communication system 
characterized in that, when a reception level from a radio base station communicating 
with a cellular mobile terminal becomes less than or equal to a first threshold value, 
another radio base station having a high reception level is chosen from among other 
radio base stations which perform communications with said radio base station, and 
simultaneous communications are performed using different radio channels with respect 
to the two radio base stations; and when the reception level with one of the two radio 
base stations in communication becomes larger than a second threshold value, 
communications with the other radio base station are terminated to return to normal 
communications with a single station. 

2. A simultaneous communication format as recited in claim 1, characterized in 
that when the reception level of one of said radio base stations becomes less than or 
equal to a third threshold value which is less than said first threshold value during 
communications with the two stations, and further when the reception level of another 
radio base station is measured and the reception level of the radio base station with the 
highest reception level is larger than a fourth threshold level, the communications with 
said radio station with the lower reception level are terminated, and communications 
with the radio base station with the highest reception level are started anew. 

DETAILED DESCRIPTION OF THE INVENTION 
Field of Industrial Applicability 

The present invention relates to a simultaneous communication format in a mobile 
communication system. 

Conventional Art 
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Fig. 5 is a block diagram showing an example of a common mobile communication 
system. In Fig. 5, 5 denotes a switching control station, 61, 62, . . ., 6n denote radio 
base stations, 71, 72, . . ., 7m denote mobile devices, 51 denotes a switch in the 
switching control station 5 and A, B and C denote external links. Fig. 5 shows a state 
in which the mobile device 71 is connected to an external link A of the switching 
control station 5 via the radio base station 61. As shown in Fig. 4, in this case, the 
switch 51 in the switching control station 5 connects the radio base station 61 which it is 
currently relaying with the external link A. 

On the other hand, as a feature of a radio communication system, there is the movement 
of mobile devices during calls, and the mobile devices switch the radio stations with 
which it is communicating in accordance with the movement. In Fig. 5, when the 
mobile device 71 moves near the base station 62, the mobile device 71 then performs 
communications via the radio base station 62. At this time, the switch 5 1 in the 
switching control station 5 is switched so as to connect the external link A with the radio 
base station 62. In this type of mobile communication system, the base stations must 
be switched during calls in accordance with the movement of the mobile devices. This 
is called handoff. 

Problems to be Solved by the Invention 

Since this type of handoff requires switching by a switch in a switching control station, 
interruptions of a few tens of milliseconds tend to occur in conventional mobile 
communication systems, thus causing call quality problems, and the processing burden 
on the switching control stations becomes a problem as the number of handoffs 
increases. This occurs especially when a mobile device exists near the boundary 
between the cover areas of two base stations, and many handoflFs occur when going 
back and forth near the boundary. 

The above-mentioned handoflFs occur as a result mainly of the change in the distance 
from the base station in accordance with the movement of the mobile device, but in 
addition thereto, the call quality can become degraded due to shadowing and fading 
even with minor movements, and some kind of countermeasure for this is required. 
Shadowing occurs due to radio waves being cut off by obstacles, and fading occurs due 
to the terminal moving through spatial standing waves which are generated by the 
combination of a plurality of reflected waves. Since both can largely change the signal 
level even with movement of only a few tens of centimeters, it is not possible to apply 
channel switching as with conventional handoff control. 

Means for Solving the Problems 

A simultaneous communication format in a mobile communication system according to 
the present invention is characterized in that, when a reception level from a radio base 
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station communicating with a cellular mobile terminal becomes less than or equal to a 
first threshold value, another radio base station having a high reception level is chosen 
from among other radio base stations which perform communications with said radio 
base station, and simultaneous communications are performed using different radio 
channels with respect to the two radio base stations; and when the reception level with 
one of the two radio base stations in communication becomes larger than a second 
threshold value, communications with the other radio base station are terminated to 
return to normal communications with a single station. 

It is also characterized in that when the reception level of one of said radio base stations 
becomes less than or equal to a third threshold value which is less than said first 
threshold value during communications with the two stations, and further when the 
reception level of another radio base station is measured and the reception level of the 
radio base station with the highest reception level is larger than a fourth threshold level, 
the communications with said radio station with the lower reception level are terminated, 
and communications with the radio base station with the highest reception level are 
started anew. 

Functions 

According to the present invention, especially areas such as boundary regions where the 
reception level is low, it is possible to avoid degradation of the call quality due to 
shadowing or fading without performing frequent handoff control. 

Embodiments 

Next, the present invention shall be explained with reference to the drawings. Figs. 1 
and 2 are flow diagrams for the operations of the mobile terminal showing the first and 
second embodiments of the simultaneous communication format of the present 
invention; Fig. 3 is a diagram for explaining the state of the switching control station in 
the embodiments shown in Figs. 1 and 2; and fig. 4 is a diagram showing a radio 
interval frame structure to which the simultaneous communication format of the present 
invention can be applied. 

As shown in Fig. 3(a), the external link A already performs communications with the 
base station a 41 via the switch 2 of the switching control station 1. In Fig. 1, the 
mobile terminal measures the reception level from the base station a 41 during a call 
every reception frame (step SI). Here, the reception level shall be referred to as Rl. 
Next, the reception level Rl is compared with the threshold value HI (S2). If the 
reception level Rl is less than or equal to HI (YES), then the reception levels of signal 
frames sent from other base stations are measured (S3), and communications are started 
using a new channel with respect to, for example, base station b 42 having the highest 
signal level thereof (S4). Thereafter, there is a state of simultaneous communications 
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with respect to the base stations a 41 and b 42. That is, the mobile station issues the 
same information to the base stations a 41 and b 42, and simultaneously receives 
transmission frames from both base stations. During simultaneous communications, 
the mobile device measures the reception levels Rl and R2 from both base stations (S5) 
for comparison with the threshold value H2 (S6). If one of them exceeds the threshold 
value H2 (YES), then the other cuts of communications with the base station (S7). 
The threshold value H2 is set larger than the threshold value HI . 

Next, the operations of a first embodiment shall be explained. First, during a state of 
communication with the base station a 41, the switching control station 1 connects the 
channel from the base station a 41 to the external link A. The state of the switching 
control station 1 at this time is shown in Fig. 3(a). In the drawing, the block T3 
indicates a combining/splitting trunk to be described later. 

If the mobile station makes a request for simultaneous communications with the base 
station b 42, the switching control station 1 temporarily connects the channel from the 
destination external link and the base station a 41 to the combining/splitting trunk T3, 
then accommodates the channel from the base station b 42 in the combining/splitting 
trunk T3 to enter a state of three-party calling. The state of the switching control 
station 1 at this time is indicated in Fig. 3(b). Here, the combining/splitting trunk T3 
does not add all of the inputs as in a normal three-party trunk, but adds the information 
inputted from the base stations a 41 and b 42 for output to the destination external link, 
and outputs the information inputted from the destination external link to the base 
stations a 41 and b 42. 

In such as state of simultaneous communications, if the mobile device makes a 
communication termination request with one of the base stations (for example, base 
station a 41), the switching control station 1 will then release the channel from the base 
station b 42 and the channel from the destination external link from the 
combining/splitting trunk T3, directly connect the two, and then, release the channel 
from the base station a 41 from the combining/splitting trunk T3. As a result, it returns 
to a state of normal one-to-one communications with the base station b 42. The state 
of the switching control station at this time is shown in Fig. 3(c). 

Next, the operations of the mobile device in the second embodiment of the present 
invention shall be explained with reference to Fig. 2. The procedure is the same as that 
of the first embodiment shown in Fig. 1 up to where the reception level from both base 
stations is measured during simultaneous communications. Here, the measured levels 
of both Rl and R2 are compared with the threshold value H2 (S6), and if one is greater 
than or equal to the value H2, then communications with the other vase station are 
terminated as in the first embodiment (S7). If both are less than or equal to the 
threshold value H2, then the measured levels of both are further compared with a 
threshold value H3 (S8). The threshold value H3 is set lower than the threshold value 
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HI . If one of the base stations a 41 is less than or equal to the threshold value H3, then 
the mobile device further measures the signal level of transmission signals from base 
stations other than the base stations a 41 and b 42 with which it is communicating (S9), 
selects the base station with the highest reception level (taken as base station c 43), 
compares the reception level of the base station c 43 with the fourth threshold value H4 
(S10), and if the reception level of the base station c 43 is greater than or equal to the 
threshold value H4, then the communications with the base station a 41 with the 
reception level less than or equal to the threshold value H3 are terminated (Sll), and 
communications with the new base station c 43 are started (SI 2). As a result, a new 
state of simultaneous communications with the base station b 42 and the base station c 
43 is entered. 

Next, the operations of the second embodiment shall be described. In a state of 
simultaneous communications with the base stations a 41 and b 42, if a communication 
termination request with the base station a 41 with a reception level of less than or equal 
to the threshold value H3 and a communication start request with a new base station c 
43 are simultaneously issued from mobile devices, then the switching control station 1 
will first release the channel of the base station a 41 from the combining/splitting trunk 
T3, and newly connect the channel from the base station c 43 to the combining/splitting 
trunk T3. The state of the switching control station 1 at this time is shown in Fig. 3(d). 

Finally, a supplement to the explanation of the embodiment of the present invention 
shall be given above. In all of the above explanations, the example was such that the 
mobile device performs operations by comparing the reception levels with threshold 
values, but it is similarly possible to have a format using the signal level ratio between 
the desired signal and interference signals, or a signal level ratio between the desired 
signal and noise instead of merely the reception levels. 

Additionally, in the above explanations, examples were given wherein the switching 
control station combines signals from the two base stations and splits the signals from 
the destination external link to two base stations using a combining/splitting trunk in the 
state of simultaneous communications with the two base stations, but aside from the 
method using a combining/splitting trunk, it is possible to have a method of comparing 
the levels of signals from the two base stations in the switching control station and 
selecting one of these to transmit to the destination external link, and a method of 
providing the information from the destination external link using a simultaneous 
reportage function in the switch in the switching control station. 

Additionally, while it is necessary for it to be possible for one mobile device to 
communicate simultaneously with two base stations and for the measurement of signal 
levels of other base stations to be readily performed during communications in the 
above-described mobile communication format, these can be realized by employing a 
radio interval communication format as shall be described below. The format using 
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radio interval communication frames shown in Fig. 4 is called a time-division 
multiplexing/ping-pong format, and has been proposed for use in the next-generation 
cordless telephone systems in Europe. On a single frequency, a uplink frame from the 
mobile device to the base station and a downlink frame from the base station to the 
mobile device are multiplexed, and further, the uplink and downlink frames are also 
time-division multiplexed into a plurality of communication channels. Additionally, 
the downlink channel has a structure wherein each communication channel contains 
multiplexed a communication information channel and a control information channel. 
Each base station uses a control information channel of at least one downlink 
communication channel, and continually broadcasts its own ID. According to the 
frame structure, each mobile device is capable of easily performing measurements of 
the reception levels of other base stations even during communications, and can 
simultaneously exchange signals with a plurality of base stations. 

Effects of the Invention 

According to the present invention as described above, the handofFs in accordance with 
movement between base stations and the switching of channels for preventing 
degradation of the communication quality due to shadowing and fading are achieved by 
the same means, and it is possible to eliminate momentary interruptions or degradation 
of the communication quality due to the processing burden of switching control and 
delays in the switching process in the switching control station. The present invention 
is especially effective for indoor radio communications which require high 
communication quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 A flow diagram for the operations of a mobile terminal indicating a first 
embodiment of the simultaneous communication format of the present 
invention. 

Fig. 2 A flow diagram for the operations of a mobile terminal indicating a second 
embodiment of the simultaneous communication format of the present 
invention. 

Fig. 3 A diagram for explaining the state of the switching control station in the 
embodiments indicated in Figs. 1 and 2. 

Fig. 4 A diagram showing a radio interval frame structure to which the simultaneous 
communication format of the present invention can be applied. 

Fig. 5 A block diagram showing an example of a common mobile communication 
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system. 



Description of the Reference Numerals 

1, 5 switching control station 

2, 51 switch 

3 combining/splitting trunk (T) 

41, 42, 43 base stations a, b, c 

61, 62, . . 6n radio base station 

71, 72 7m mobile device 



